Abstract. Microemulsions (MEs) are clear, thermodynamically stable systems. They were used to solubilize drugs and to improve topical drug availability. Salicylic acid (SA) is a keratolytic agent used in topical products with antimicrobial actions. The objective of this work was to prepare and evaluate SA ME systems. Different concentrations of SA were incorporated in an ME base composed of isopropyl myristate, water, and Tween 80: propylene glycol in the ratio of 15:1. Three ME systems were prepared: S 2% , S 5% , and S 10% which contain 2%, 5%, and 10% of SA, respectively. Evaluation by examination under cross-polarizing microscope, measuring of percent transmittance, pH measurement, determination of the specific gravity, assessment of rheological properties, and accelerated stability study were carried out. The data showed that the addition of SA markedly affected the physical properties of the base. All systems were not affected by accelerated stability tests. Stability study for 6 months under ambient conditions was carried out for S 10% . No remarkable changes were recorded except a decrease in the viscosity value after 1 month. The results suggested that ME could be a suitable vehicle for topical application of different concentrations of SA.
INTRODUCTION
Microemulsions (MEs) are clear, thermodynamically stable, optically isotropic systems. They are formed spontaneously upon mixing a suitable oil, water, and an amphiphile blend (surfactants either alone or in combination with a cosurfactant; (1) (2) (3) (4) ).
MEs offer advantages over traditional creams and lotions as topical drug delivery. They were used to solubilize drugs and to improve topical drug availability (5) . They are able to increase the rate and depth of moisturizing agents into skin. It has been suggested that MEs may dissolve the ordered structure of the stratum corneum lipids, leading to the loss of barrier properties of the skin (6) .
Salicylic acid (SA) is a white fluffy crystalline powder, slightly soluble in water (1 in 460 ml). It is used as keratolytic agent in topical products, and it has antimicrobial and fungicidal actions (7) (8) (9) . It was found that a topical preparation composed of 12% SA and 4% lactic acid in collodion base may be beneficial in speeding resolution of molluscum contagiosum, which is a viral infection spread by contact in children (10) . Antibacterial activity of SA was recorded by Park et al. (11) and Kupferwasser et al. (12) as adjuvant therapeutic agent in treatment of Staphylococcus aureus infections. SA is used topically in hyperkeratotic and scaling conditions to enhance the rate of loss of surface scales (13) . The combination of a 3% SA combined with a 1% hydrocortisone anti-inflammatory provides the best relief of scalp pruritus (14) . SA peels (20-30%) can be combined with traditional acne therapy to speed the resolution of the comedones and inflamed papules (15) . They are both safe and efficacious for treatment of acne vulgaris, oily skin, textural changes, and post-inflammatory hyperpigmentation (16) , and they were shown to be beneficial in whitening the face of Asian patients with acne (17) . Also SA peels were used in combination with 4% hydroquinone and 2% glycolic acid for clearing areas of photodamage on the neck and upper chest (18) . In addition, Dainichi et al. (19) findings suggested that chemical peeling with 30% SA in polyethylene glycol may help to prevent as well as to reduce the number of ultraviolet B-induced skin tumors. SA is readily absorbed through the skin, slowly excreted in urine; and systemic toxicity resulting from application to large area of the skin has been reported (8) . Klimowicz et al. (20) study confirmed good skin penetration of topical applied 5% SA in Vaseline. However, SA has a fairy strong affinity for polyethylene glycol vehicle as SA is adsorbed to polyethylene glycol, such that there is little release of SA into sebaceous materials, so reducing the potential toxicity of the percutaneously absorption (19) . To minimize absorption following topical application, SA should not be used for prolonged periods, in high concentration, on large areas of the body, or on inflamed broken skin. It should also be used with care on the extremities of patients with impaired peripheral circulation and diabetics (8) . The side effects of SA include sensitivity, excessive drying, and irritation. Traditional formulations of SA in ointment bases have disadvantages of being greasy and irritant due to free crystals of the drug.
In this study, SA was incorporated with different concentrations in an ME gel base composed of 35% isopropyl myristate (IPM), 20% water, and 45% Tween 80: propylene glycol in ratio of 15:1. Characterization of the prepared systems was carried out by applying different evaluation tests to examine the effect of incorporation of the drug on the ME gel base.
MATERIALS AND METHODS

Materials
The materials used were IPM, polyoxyethylene 20 sorbitan mono-oleate (Tween 80), propylene glycol (PG; Merck-Schuchardt, Germany), SA (BP), and double distilled water.
Preparation of the Microemulsion Base and Microemulsion Systems Containing Different Concentrations of Salicylic Acid
An ME gel base composed of 35% IPM, 20% water, and 45% Tween 80: PG as surfactant/cosurfactant mixture (S/CoS) in ratio of 15:1, was prepared. The composition of the ME base was chosen according to preliminary trials explained in a previous work (21) . IPM and S/CoS mixture were mixed in the chosen concentrations, and then water was added portion-wise with continuous stirring. The system was stored in a tightly closed glass container and left for 3 days to attain equilibrium before evaluation.
Different concentrations of SA were incorporated in the prepared ME. Three systems were prepared: S 2% , S 5% , and S 10% which contain 2%, 5%, and 10% of SA, respectively. SA was mixed first with IPM by a magnetic stirrer (Wheaton, Rc-2, Japan), then the S/CoS mixture was added, and the mixture was stirred till the drug completely dissolved, then water was added and stirring was continued for about further 10 min.
Evaluation of the Systems
The ME base and the three prepared SA ME systems were subjected to the following tests:
Visual Inspection
The systems were visually inspected for homogeneity, optical clarity, and fluidity.
Examination under Cross-polarizing Microscope
The systems were subjected to examination under crosspolarizing microscope (Olympus, Japan) for the absence of birefringence to exclude liquid crystalline systems (22, 23) .
Limpidity Test (Percent Transmittance)
The limpidity of the systems was measured spectrophotometrically using spectrophotometer (Shimadzu, UV-160, Japan; (24)).
pH Measurements
The pH of 10% aqueous solution of the base was measured (25) . For SA ME systems, it was measured by direct immersion of the electrode of the pH meter (Hanna-213, Portugal) in the system (26) .
Determination of the Specific Gravity
The specific gravity of the systems was determined, at ambient conditions, using a specific gravity bottle of 25 ml capacity.
Assessment of the Rheological Properties
The rheological properties of the base were determined by Brookfield digital viscometer (RV-TD, USA). Those of the medicated systems were determined using Brookfield digital viscometer (LV, model DV-III, USA). 
Accelerated Stability Tests
Centrifuge Stress Test. The systems were centrifuged at 4,000 rpm (1,073×g) for 15 min by Centrifuge (Shanghai Surgical Instrument Factory, model 80-2, China), and then they were examined for phase separation.
Freeze-Thaw Cycles (FTC). The systems were submitted to a total of three complete cycles; each cycle consisting of 24 h at 25°C followed by 24 h at −5°C (27) .
Long Term Stability. The ME system containing 10% SA was stored under ambient conditions for 6 months, and the system was examined periodically after 1, 3, and 6 months by visual inspection and measurement of percent transmittance, pH, specific gravity, and rheological evaluation.
RESULTS AND DISCUSSION
Evaluation of the Systems
Visual inspection of the ME base showed homogeneous system of gel consistency. Examination under cross-polarizing microscope showed dark field indicating isotropic system. The percent transmittance measured at 598 nm was 81.6%; pH value of 10% aqueous solution was 4.88. Assessment of rheological properties showed pseudoplastic flow with thixotropic behavior; the calculated Farrow's number and hysteresis area were 5.54 and 2.33 cm 2 , respectively. The physical properties of the base are recorded in Table I .
MEs containing SA showed clear, homogeneous, transparent, and viscous preparations with yellow color. It was observed that the base lost its gel consistency and became viscous liquid. A similar observation was recorded by Kantaria et al. (28) who found that the gelation process in gelatin containing ME based organogel composed of water, IPM, Tween 80 surfactants, and sodium salt of the anionic surfactant sodium dioctylsulfosuccinate was inhibited in the presence of salicylates. Moreover, the degree of inhibition and the extent of gel weakening were proportional to the salicylate concentration. Also, Baudonnet et al. (29) showed that SA addition generated a decrease in their emulsion system viscosity.
Examination under cross-polarizing microscope showed dark field indicating no change in isotropic character, and no crystals of the drug were detected, indicating that the drug was completely dissolved.
Concerning the measurement of percent transmittance, pH, and the specific gravity values, the data are cited in Table II . The percent transmittance increased as the SA concentration increased. It could be noticed that the pH value is lower than that of the plain base, and as SA concentration increased the pH value decreased; this is obviously due to the acidic properties of the drug, a similar observation was recorded by Baudonnet et al. (29) who recorded a decrease in pH of the emulsion system containing SA. The data also showed that as the SA concentration increased, the specific gravity of the system increased. From the data of the rheological properties of the systems, it is obvious that the viscosity decreased with increasing SA concentration in the ME system. It could be noticed that both S 2% and S 5% were non-Newtonian systems with pseudoplastic flow as the calculated Farrow's numbers were 1.2 and 1.8, respectively. S 10% showed a different pattern of flow which showed a straight line with (R 2 ) value=0.9998 and a Farrow's number value of 1 indicating a Newtonian system (Figs. 1, 2, and 3) .
All systems of SA MEs and the base showed no changes in physical appearance after subjecting to centrifugation and freeze-thaw cycles.
Long Term Stability
Storage of ME containing 10% SA for 6 months at ambient conditions showed no change in appearance of the system. Also, there were no remarkable changes in the values of percent transmittance or specific gravity, while there was a very slight decrease in pH value during storage. Concerning the rheological properties, there was no change in the type of flow, while the viscosity decreased after 1 month, and then no changes were recorded. The data is recorded in Table III .
CONCLUSION
Incorporation of different concentrations of SA into an ME gel base remarkably decreased the viscosity of the base without affecting its isotropic nature, and the drug was completely dissolved. As the concentration of SA increased, the percent transmittance and the specific gravity of the systems increased, while viscosity and pH decreased. ME containing 10% SA (S 10% ) retained its characters upon storage at ambient conditions for 6 months. The results suggested that ME could be a suitable vehicle for topical application of different concentrations SA.
